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ABSTRACT 

T h i s  p a p e r  examines A p o l l o / S a t u r n  V h o l d  c a p a b i l i t y  
and  s h o r t - r e c y c l e  r e q u i r e m e n t s  d u r i n g  t e r m i n a l  countdown w i t h  I 

r e s p e c t  t o  t h e  v e h i c l e ' s  l a u n c h  a b i l i t y  i n  m e e t i n g  s h o r t  
l a u n c h  windows. 

C .  

A b r i e f  summary o f  t h e  d i s c u s s i o n  i s  as f o l l o w s :  

A s  t h e  t e r m i n a l  countdown p r o g r e s s e s ,  t h e  
c a p a b i l i t y  t o  h o l d  i s  c o n t i n u a l l y  r e d u c e d  
w h i l e  t h e  l a u n c h  d e l a y  i n c u r r e d  i n  t h e  e v e n t  
o f  a s h o r t - r e c y c l e  i s  c o n t i n u a l l y  i n c r e a s i n g .  

I n  c o n j u n c t i o n  w i t h  ( a )  a b o v e ,  a countdown 
t o  meet  a s h o r t  l a u n c h  window i s  p a r t i c u l a r l y .  
v u l n e r a b l e  t o  s h o r t  d e l a y s  a f t e r  T-22 minutes ; .  
t h e  a rea  of g r e a t e s t  v u l n e r a b i l i t y  b e g i n s  
a f t e r  T-8 minu tes  when S V  h o l d  c a p a b i l i t y  i s  ' 
l e a s t  and  l a u n c h  de l ay  g r e a t e s t  f o r  s h o r t -  
r e c y c l e s .  

If a s h o r t  l a u n c h  window i s  p l a n n e d  f o r  a 
S a t u r n  V l a u n c h ,  i t  would be most d e s i r a b l e  
t o  keep  t h e  window l o n g  enough ( n o t  l e s s  t h a n ,  
s a y ,  30 m i n u t e s )  for a t  l e a s t  one  c o n t i n g e n c y  
s h o r t - r e c y c l e  u n l e s s  o t h e r w i s e  n e c e s s i t a t e d  
b y  m i s s i o n  r e q u i r e m e n t s .  T h i s  c o u l d  b e  
accompl i shed  e i t h e r  by t h e  a l l o w a b l e  l e n g t h  
o f  a s i n g l e  window o r  t h e  s e l e c t i o n  o f  two 
or more " p a n e s . "  

SEE REVERSE S I D E  FOR D I S T R I B U T I O N  LIST 
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SUBJECT: S a t u r n  V Hold L i m i t a t i o n s  and  
S h o r t  Recyc le  Requ i remen t s  
D u r i n g  T e r m i n a l  Countdown - 
Case 320 

DATE: December 15, 1967 

FROM: C .  H .  E l e y  I11 

TM 67-2032-4 

TECHNICAL MLMORANDUM 

I .  I N T R O D U C T I O N  

T e r m i n a l  countdown for a n  A p o l l o / S a t u r n  V s p a c e  
v e h i c l e  (SV) b e g i n s  a t  T-45 m i n u t e s  w i t h  t h e  a c t i v a t i o n  o f  
s p a c e c r a f t  (SC) R.F. sys t ems  ( R e f e r e n c e  1). D u r i n g  t h e  
t e r m i n a l  countdown,  t h e  h o l d  c a p a b i l i t y  and  s h o r t  r e c y c l e  
r e q u i r e m e n t s  a re  d e t e r m i n e d  l a r g e l y  b y  s t age  t h e r m a l  r e d l i n e  
l i m i t s  and 5-2 e n g i n e  s e q u e n c e s .  These  h o l d  l i m i t a t i o n s  a re  
s e v e r e ,  and  s h o r t  h o l d s  o c c u r r i n g  a f t e r  T-22 m i n u t e s  c a n  
a d v e r s e l y  a f f e c t  t h e  p r o g r e s s  of t h e  countdown.  T h i s  i s  
p a r t i c u l a r l y  i m p o r t a n t  i n  a countdown a t t e m p t i n g  t o  meet s h o r t  
l a u n c h  windows or a " launch-on- t ime"  r e q u i r e m e n t .  

T h i s  p a p e r  examines  t h e  countdown o p e r a t i o n s  d u r i n g  
t h e  p e r i o d  from T-45 m i n u t e s  t o  T-0 w i t h  r e s p e c t  t o  SV hold 
c a p a b i l i t i e s  and  s h o r t  r e c y c l e  r e q u i r e m e n t s .  Much of  t h e  
i n f o r m a t i o n  p r e s e n t e d  was o b t a i n e d  from e x i s t i n g  d o c u m e n t a t i o n  
and  p e r s o n n e l  a t  MSFC and KSC. 

11. SPACE VEHICLE HOLD CAPABILITIES D U R I N G  TERMINAL COUNTDOWN 

a .  Hold C a p a b i l i t y  from T-45 Minu tes  t o  T-22 Minu tes  

S V  h o l d  c a p a b i l i t y  d u r i n g  t e r m i n a l  countdown i s  n o t  
c o n s t r a i n e d  u n t i l  T-22 m i n u t e s .  P r i o r .  t o  t h i s  t i m e ,  t h e r e  a r e  
no  r e a l  l i m i t a t i o n s  t o  h o l d i n g  a t  a p a r t i c u l a r  T - t i m e  or t o  
t h e  r e q u i r e d  l e n g t h  o f  t h e  h o l d  ( u p  t o ,  s a y ,  f o u r  h o u r s ) .  
T h e r e  a r e ,  however ,  c o n s i d e r a t i o n s  i n  " d e s i r a b l e "  h o l d  p o i n t s  
p r i o r  t o  T-22 m i n u t e s  which w i l l  be  d i s c u s s e d  l a t e r .  

b .  Hold C a p a b i l i t y  from T-22 Minu tes  t o  T-15  M i n u t e s  

From T-22 m i n u t e s  t o  s t a r t  of t h e  T e r m i n a l  Count- 
down S e q u e n c e r  (TCS) a t  T-187 s e c o n d s ,  t h e  S V  h o l d  c a p a b i l i t y  
i s  c o n s t r a i n e d  b y  s t a g e  t h e r m a l  l i m i t s  and 5 - 2  e n g i n e  s e q u e n c e s .  
A s  shown i n  F i g u r e  1, t h e  SV h o l d  c a p a b i l i t y  i s  l i m i t e d  t o  
1 0  m i n u t e s  s t a r t i n g  a t  T-22 m i n u t e s  when S - I 1  s t a r t  t a n k  
c h i l l d o w n  i s  begun,  u n t i l  T - 1 5  m i n u t e s .  



There  a r e  f i v e  4 . 2  c u b i c  f o o t  GB2 t u r b i n e  s t a r t  
t a n k s  on t h e  S - I 1  s t a g e  and one on t h e  S - I V B  s t a g e .  T h e s e  
b o t t l e s  a re  f i l l e d  w i t h  c o l d  (-250OF.) G H  

t h e  b o t t l e s  must be c h i l l e d  s i n c e  t h e y  a re  mass c r i t i c a l .  
T h i s  c h i l l d o w n  i s  s t a r t e d  a t  T-22 m i n u t e s  and  c o n t i n u e s  u n t i l  
T-5 m i n u t e s  when t h e  s t a r t  b o t t l e s  a r e  p r e s s u r i z e d  ( c o m p l e t e d  
by  T-4 1 / 2  m i n u t e s ) .  
t h e  c h i l l d o w n  must c o n t i n u e  u n i n t e r r u p t e d  t o  i n s u r e  p r o p e r  
t h e r m a l  c o n d i t i o n i n g .  An a d d i t i o n a l  t e n  m i n u t e s  o f  c h i l l d o w n  
i s  a l l o w a b l e  b e f o r e  t h e  s t a r t  b o t t l e s  become o v e r - c h i l l e d .  
I f  t h e  h o l d ( s )  e x c e e d s  t e n  m i n u t e s ,  t h e  s t a r t  b o t t l e s  would 
be o v e r c h i l l e d  a t  T-0 i f  t h e  countdown were c o n t i n u e d .  To 
p r e v e n t  t h i s ,  t h e  countdown must be r e c y c l e d  t o  b e g i n  t h e  
c h i l l d o w n  sequence  from t h e  s t a r t  (T-22 m i n u t e s ) .  

B e f o r e  f i l l i n g ,  2 '  

I f  a h o l d  i s  r e q u i r e d  a f t e r  T-22 m i n u t e s ,  

e .  Hold C a p a b i l i t y  f r o m  T-15 Minu tes  to T-8 Minu tes  

The SV h o l d  c a p a b i l i t y  d u r i n g  t h i s  p e r i o d  i s  
d e t e r m i n e d  b y  a combina t ion  o f  two c o n d i t i o n s :  

1. T h e r m a l  envi ronment  l i r n i - t a t i o n s  i n  t h e  S-11/ 
S - I V B  i n t e r s t a g e  area.  

a f t e r  T-22 m i n u t e s .  
2 .  The amount o f  " c u m u l a t i v e "  h o l d  t i m e  e x p e r i e n c e d  

I n  c o n j u n c t i o n  w i t h  (1) above ,  t h e  l a u n c h  v e h i c l e  
i s  l i m i t e d  t o  a h o l d  c a p a b i l i t y  o f  f i v e  m i n u t e s  when S - I V B  
5-2 e n g i n e  t h r u s t  chamber c h i l l d o w n  i s  i n i t i a t e d  a t  T-15 
m i n u t e s  ( F i g u r e  1). Gaseous he l ium i s  u s e d  t o  b o t h  p u r g e  
t h e  e n g i n e  area o f  oxygen o r  ambient  a i r  and t o  p r e c h i l l  t h e  
e n g i n e  f o r  s t a r t  r e q u i r e m e n t s .  The  c o l d  he l ium (-260OF.) i s  
i n t r o d u c e d  a t  a r a t e  o f  10 -20  l b . / m i n .  t h r o u g h  t h e  t h r u s t  
chamber p r e c h i l l  p o r t  l o c a t e d  downstream o f  t h e  main oxygen 
v a l v e .  A s  a r e s u l t ,  t h e  c h i l l d o w n  p r o c e s s  p r o d u c e s  a r a p i d  
c o o l i n g  o f  t h e  envi ronment  i n  t h e  S - I 1  s t a g e  f o r w a r d  s k i r t  
area c o n t a i n i n g  e l e c t r o n i c  components .  I f  one or more h o l d s  
o c c u r  a f t e r  S - I V B  J - 2  c h i l l d o w n  has s t a r t e d ,  a " c u m u l a t i v e "  
h o l d  t i m e  o f  f i v e  m i n u t e s  can b e  t o l e r a t e d  b e f o r e  t h e  l o w e r  
t e m p e r a t u r e  l i m i t s  o f  t h e  e l e c t r o n i c  components  ( - 6 5 O ~ . )  w i l l  
be exceeded  by  t h e  t i m e  T-0 i s  r e a c h e d .  

To a v o i d  any m i s c o n c e p t i o n s ,  i t  s h o u l d  b e  not,ed 
t h a t  t h r u s t  chamber c h i l l d o w n  i s  n o t  s t o p p e d  d u r i n g  a h o l d .  
T h i s  i s  b e c a u s e  h o t  G N 2  (+200°F)  i s a l s o  b e i n g  i n t r o d u c e d  
i n t o  t h e  i n t e r s t a g e  area a t  r a t e s  of  33 a n d  300 l b . / m i n .  t o  
h e l p  c o n t r o l  t h e  e n v i r o n m e n t .  I f  c h i l l d o w n  were s t o p p e d ,  
t h e  5-2 e n g i n e  would r a p i d l y  warm-up and  t h e  c h i l l d o w n  would 
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have  t o  b e  s t a r t e d  a l l  o v e r  a g a i n  ( f r o m  T-15 m i n u t e s ) .  If 
b o t h  gas  s u p p l i e s  were s t o p p e d ,  t h e  t h e r m a l  c o n d i t i o n s  s t i l l  
decay  such  t h a t  c h i l l d o w n  would have t o  be  s t a r t e d  a l l  o v e r  
a g a i n  anyway. I n  o t h e r  words,  t h e  countdown would have t o  
be r e c y c l e d .  

I n  c o n j u n c t i o n  w i t h  ( 2 )  above ,  i t  must be remembered 
t h a t  t h e  h o l d  c a p a b i l i t y  a f t e r  T-15 m i n u t e s  i s  a l s o  "cumu- 
l a t i v e "  w i t h  r e s p e c t  t o  S m d  c a p a b i l i t y  be tween T-22 and  
T-15 m i n u t e s .  T h a t  i s ,  t h e  t o t a l  t i m e  o f  a l l  h o l c s  a f t e r  
T-22 m i n u t e s  c a n n o t  exceed  1 0  m i n u t e s .  Thus ,  i f  t h e  S V  c o u n t -  
down were h e l d  just p r i o r  to T-15 m i n u t e s  f o r ,  say,  7 m i n u t e s ,  
t h e n  a " c u m u l a t i v e "  h o l d  c a p a b i l i t y  o f  o n l y  3 m i n u t e s  would 
r e m a i n  a f t e r  T-15 m i n u t e s  f o r  r e a s o n s  o t h e r  t h a n  5 - 2  t h r u s t  
chamber c h i l l d o w n  c o n s t r a i n t s  ( S e c t i o n  1 1 , b ) .  

~ 

d .  Hold C a p a b i l i t y  f r c m  T-8 Minu tes  to T-187 Seconas  

A s  a l s o  shown i n  F i g u r e  1, a t  T-8 m i n u t e s  t h e  S-11 
s t a g e  5 - 2  e n g i n e  t h r u s t  chamber c h i l l d o w n  sequence  i s  i n i t i a t e d ,  
f u r t h e r  r e d u c i n g  t h e  S V  h o l d  c a p a b i l i t y  t o  two m i n u t e s .  
S i n c e  t h e r e  are f i v e  5-2 e n g i n e s  i n  t h e  S - I 1  as opposed  t o  
o n l y  one i n  t h e  S - I V B ,  the i n c r e a s e d  f l o w  o f  c o l d  h e l i u m  
( % 7 5  l b . / m i n . )  for c h i l l d o w n  p r o d u c e s  a more r a p i d  tempera- 
t u r e  d rop  i n  t h e  s-IC f o r w a r d  s k i r t  a rea  s u r r o u n d i n g  t h e  
S-I1 e n g i n e s  t h a n  i n  t h e  S-I1 f o r w a r d  s k i r t  a r e a  a round  t h e  
S-IVB e n g i n e .  The change  i n  S-IC/S-I1 i n t e r s t a g e  tempera-  
t u r e  d u r i n g  t h e  l a s t  e i g h t  m i n u t e s  of countdown c a n  be  s e e n  
i n  F i g u r e  2 .  

The f o l l o w i n g  t a b l e  l i s t s  t h e  gases i n t r o d u c e d  i n t o  
t h e  S-IC/S-I1 i n t e r s t a g e  a r e a  d u r i n g  t h i s  p e r i o d  t o g e t h e r  w i t h  
t h e i r  f l o w  r a t e s  and t e m p e r a t u r e s .  

Gas Flow Rate Temp. Area R e q u i r e d  

28 .5  l b s . / m i n .  125'F. S-IC E l e c .  C a n i s t e r s  
36 .5  l b s . / m i n .  105OF. S-IC E l e c .  C a n i s t e r s  

G N 2  

GN2 
GN2 

G N 2  

500 l b s . / m i n  2 150  I n t e r s t a g e  Dump 
30 l b s . / m i n .  120°F S-IC E l e c .  C a n i s t e r s  

GHe 75 l b s . / m i n .  ~ - 2 6 0 ~ ~  5-2 T . C .  Ch i l ldown  

A h o l d  e x c e e d i n g  two m i n u t e s  a f t e r  s t a r t i n g  S- I1  t h r u s t  
chamber c h i l l d o w n  w i l l  a l l o w  t h e  t e m p e r a t u r e  of t h e  e l e c t r o n i c s  
i n  t h e  i n t e r s t a g e  t o  d r o p  b e l o w  r e d l i n e  l i m i t s  by t h e  t i m e  T-0 
i s  r e a c h e d .  This hold c a p a b i l i t y  i s  a l s o  " c u m u l a t i v e , "  and  
f o r  t h e  same r e a s o n s  as p r e v i o u s l y  d e s c r i b e d  i n  ( e )  above .  
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e .  Hold C a p a b i l i t y  from T-187 Seconds  t o  T-0 

A t  T-187 s e c o n d s ,  t h e  T e r m i n a l  Countdown S e q u e n c e r  
(TCS)  i s  i n i t i a t e d  which c o n t r o l s  f i n a l  countdown s e q u e n c e s  
a u t o m a t i c a l l y  t h r o u g h  t h e  ESE i n t e r l o c k  sys t em.  I f  a m a l -  
f u n c t i o n  i s  d e t e c t e d  a f t e r  T-187 s e c o n d s ,  t h e  ESE w i l l  s e n d  
a c u t o f f  s i g n a l  t o  t h e  TCS--stopping t h e  countdown. ( C u t o f f  
c a n  a l s o  b e  manua l ly  i n i t i a t e d  i f  r e q u i r e d . )  The TCS c a n n o t  
b e  r e s e t ,  r e - i n i t i a t e d  and  t h e  a u t o m a t i c  s equence  r e - r u n  
b e f o r e  t h e  t e m p e r a t u r e  i n  t h e  S-IC fo rward  s k i r t  a r e a  d r o p s  
below r e d i i n e  l i m i t s .  Hence, once  t h e  TCS has s t a r t e d ,  
v i r t u a l l y  no  ho ld  c a p a b i l i t y  e x i s t s  and t h e  countdown must be 
r e c y c l e d  to T-22 m i n u t e s  i f  t h e  countdown s t o p s .  

A h o l d  f o r  any r e a s o n  a f t e r  T-16.7 s e c o n d s  (S-IC 
f o r w a r d  s e r v i c e  arm r e t r a c t )  w i l l  a d v e r s e l y  impac t  l a u n c h  
o p e r a t i o n s  b y  c a u s i n g  a s c r u b .  (The r e a s o n s  for t h i s  are 
d i s c u s s e d  i n  S e c t i o n  111.) 

111. SPACE VEHICLE SHORT RECYCLE REQUIREMENTS 

a .  Shor t -Recyc le  Requi rements  P r i o r  to T-22  Minu tes  

P r i o r  t o  T-22 m i n u t e s  i n  t h e  countdown, t h e  S V  can  
b e  r e c y c l e d  t o  any T-time i n  t h e  t e r m i n a l  countdown w i t h o u t  
p e n a l t y .  That  i s ,  t h e  t ime  r e q u i r e d  to r e c y c l e  back  to a 
p r e v i o u s  T-time i s  n e g l i g i b l e .  

b .  Shor t -Recyc le  Requ i remen t s  A f t e r  T-22 Minu tes  

F i g u r e  3 shows t h e  t i m e  r e q u i r e d  t o  p e r f o r m  a s h o r t -  
r e c y c l e  and  l a u n c h  from a n y  p o i n t  i n  t h e  t e r m i n a l  countdown.  
A s  p r e v i o u s l y  men t ioned ,  t h e  S V  must be r e c y c l e d  if t h e  h o l d  
l i m i t a t i o n s  a f t e r  T-22 m i n u t e s  a r e  exceeded .  I f  a s h o r t -  
r e c y c l e  i s  r e q u i r e d ,  t h e  v a r i o u s  c h i l l d o w n  o p e r a t i o n s  a r e  
s t o p p e d  and t h e  countdown c l o c k  i s  r e t u r n e d  t o  T-22  m i n u t e s .  
The t i m e  r e q u i r e d  t o  do t h i s  i s  n e g l i g i b l e .  A f t e r  r e c y c l i n g ,  
however ,  t h e  countdown must be  h e l d  a t  T-22 m i n u t e s  f o r  a 
s h o r t  p e r i o d  of t i m e .  T h i s  i s  needed  t o  a l l o w  t h e  t e m p e r a t u r e  
i n  t h e  i n t e r s t a g e  areas  t o  s t a b i l i z e ,  and a l s o  t o  c o m p l e t e  
p r e p a r a t i o n s  f o r  s t a r t i n g  t h e  countdown a g a i n .  For a r e c y c l e  
p r i o r  t o  T-8 m i n u t e s ,  t h e  SV must b e  h e l d  a t  T-22 m i n u t e s  for 
a t  l e a s t  s i x  m i n u t e s .  I f  t h e  r e c y c l e  i s  p e r f o r m e d  a f t e r  
T-8 m i n u t e s ,  t h e  S V  must be h e l d  a t  T-22 m i n u t e s  f o r  a t  l e a s t  
e i g h t  m i n u t e s .  The a d d i t i o n a l  two m i n u t e s  of h o l d  r e q u i r e d  
f o r  a t u r n a r o u n d  a f t e r  "-8 m i n u t e s  a r e  due t o  S-IC/S-I1 
i n t e r s t a g e  thermal  r e q u i r e m e n t s .  

S h o r t  r ecyc le / coun tdown  r e q u i r e m e n t s  do  n o t  change  
a f t e r  i n i t i a t i o n  of  t h e  TCS a t  T-187 s e c o n d s ,  a l t h o u g h  t h e  
S V  has no  h o l d  c a p a b i l i t y  a f t e r  t h a t  t i m e .  If a c u t o f f  
s i g n a l  s t o p s  t h e  countdown ( p r i o r  t o  T-16.7 s e c o n d s ) ,  t h e  
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r e q u i r e m e n t s  r ema in  as p r e v i o u s l y  o u t l i n e d - - n a m e l y ,  t h e  coun t -  
down i s  r e c y c l e d  back to "-22 m i n u t e s  and a warm-up p e r i o d  
o f  e i g h t  m i n u t e s  i s  n e c e s s a r y  b e f o r e  r e suming  t h e  c o u n t .  

e .  Recyc le  C a p a b i l i t y  Af te r  T-16. 7 Seconds  

At T-16 .7  s e c o n d s ,  t h e  TCS i s s u e s  a s i g n a l  which 
i n i t i a t e s  r e t r a c t i o n  o f  Swing A r m  # 2  (S-IC Forward S e r v i c e  
A r m ) .  A f t e r  t h e  arm h a s  been r e t r a c t e d ,  i t  can  o n l y  be 
r e c o n n e c t e d  manua l ly .  T h i s  s e r v i c e  arm c o n t a i n s  e l e c t r i c a l  
and pneumat i c  connec t ions - -bu t  most i m p o r t a n t ,  i t  i s  t h e  
s u p p l y  s o u r c e  o f  h o t  G N 2  f o r  t h e  S-IC/S-I1 i n t e r s t a g e  a r e a .  
The t h e r m a l  env i ronmen t  cannot  be c o n t r o l l e d  even  i f  t h e  
countdown i s  r e c y c l e d  back t o  T-22 m i n u t e s .  Thermal  r e d l i n e s ,  
t h e r e f o r e ,  would soon b e  exceeded  i n  t h e  e v e n t  o f  a h o l d .  
S i n c e  Swing A r m  #2 canno t  be r e c o n n e c t e d  by  r emote  means,  t h e  
LV c r y o g e n i c s  must b e  d e t a n k e d  to p e r m i t  sa fe  a c c e s s  beforde 
t h e  a r m  can  be manual ly  r e c o n n e c t e d .  I n  o t h e r  words ,  a f t e r  
T - 1 6 . 7  s e c o n d s  t h e  SV i s  commit ted to e i t h e r  l a u n c h  01' s c s u L .  

I V .  SHORT RECYCLE LIMITATIONS 

A s  p r e v i o u s l y  i n d i c a t e d ,  S - I 1  s t a r t  b o t t l e  c h i l l -  
down i s  begun a t  T-22 m i n u t e s  i n  t h e  countdown and S-IVB 
s t a r t  b o t t l e  c h i l l d o w n  i s  begun a t  T-18  m i n u t e s .  Both o f  
t h e s e  c h i l l d o w n s  c o n t i n u e  u n t i l  a b o u t  T-4 1 / 2  m i n u t e s  when 
t h e  b o t t l e s  are  p r e s s u r i z e d  p r i o r  to s t a r t  o f  t h e  TCS. 

A t o t a l  o f  s i x  GH2 t u r b i n e  s t a r t  b o t t l e s  ( f i v e  on 
t h e  S - I 1  s t a g e  and one on t h e  S-IVB s t a g e ) a r e  c h i l l e d  and  
p r e s s u r i z e d  from G S E  c o o l e r s  which ,  i n  t u r n ,  a r e  f e d  from a 
6 0 0 0  p s i  s t o r a g e  b a t t e r y  l o c a t e d  a t  t h e  pad .  Based on AS-501 
d a t a  from LC-39 o p e r a t i o n s ,  i t  i s  e x p e c t e d  t h a t  Douglas  w i l l  
u s e  a b o u t  97  pounds o f  G H 2  d u r i n g  t h e  S-IVB s e q u e n c e .  N o r t h  
American equipment  a t  LC-39 used a G H 2  f l o w  r a t e  of  2 2  l b s . /  

m i n . ,  s o  a 17 minu te  c h i l l d o w n  and c h a r g e  sequence  i n  t h e  
S - I 1  s t a g e  w i l l  u s e  374 pounds o f  G H 2 .  

countdown,  t h e n ,  r e q u i r e s  abou t  4 7 1  pounds o f  G H 2 .  I n  o r d e r  
t o  r e p e a t  t h e  J-2 c h i l l d o w n  and c h a r g e  c y c l e  d e s c r i b e d  above  
( i n  t h e  e v e n t  o f  a s h o r t - r e c y c l e ) ,  t h e  same amount o f  GH2 i s  

r e q u i r e d  e a c h  t i m e .  

A nominal  S a t u r n  V 

The s t o r a g e  b a t t e r y  s u p p l y i n g  g a s e o u s  hydrogen  
h o l d s  3 5 2 , 0 0 0  S t a n d a r d  Cubic F e e t  (SCF) o f  G H 2  u n d e r  p r e s s u r e  
be tween 6 0 0 0  and 1600 p s i g .  A t  4 7 1  pounds o r  9 0 , 4 1 3  SCF o f  
GH r e q u i r e d  p e r  c h i l l d o w n  and c h a r g e  s e q u e n c e ,  t h e  s t o r a g e  
s y s t e m  w i l l  s u p p o r t  a maximum of  t h r e e  c o m p l e t e  c y c l e s  b e f o r e  

2 



h a v i n g  t o  b e  r e c h a r g e d .  T h i s  would i n c l u d e  t h e  o r i g i n a l  t e r -  
m i n a l  countdown p l u s  two s h o r t - r e c y c l e s  f rom a p o i n t  a f t e r  
T-4 1 / 2  m i n u t e s .  The s t o r a g e  s y s t e m  c o u l d  p o s s i b l y  s u p p o r t  
more t h a n  t h r e e  s h o r t - r e c y c l e s .  However, t h i s  would g r e a t l y  
depend on what p o i n t s  i n  t h e  countdown ( p r i o r  to T-4 1/2 
m i n u t e s )  t h e  r e c y c l e s  o c c u r r e d  and t h e  amount o f  h o l d  t i m e  
u s e d .  

R e c h a r g i n g  t h e  pad G H 2  s t o r a g e  b a t t e r y  p r e s e n t l y  
eai:fiht be per fo rmed  d u r i n g  t h e  countdown.  Normally t h e r e  are  
two r e c h a r g i n g  u n i t s  a v a i l a b l e ,  b u t  t h e s e  a r e  m o b i l e  u n i t s  and  
no p r o v i s i o n s  e x i s t  f o r  remote o p e r a t i o n .  The hydrogen  
r e c h a r g e r s  a r e  e a c h  r a t e d  a t  6 0 0 0  p s i ,  500  S t a n d a r d  Cubic  F e e t  
p e r  Minu te  (SCFM). Dur ing  r e c h a r g i n g  o p e r a t i o n s ,  one  u n i t  i s  
u s e d  w h i l e  t h e  second  i s  a s t a n d b y .  About 1 0  h o u r s  a r e  
r e q u i r e d  f o r  one r e c h a r g e r  to r e t u r n  t h e  G H 2  s t o r a g e  f a c i l i t y  
t o  f u l l  c a p a c i t y .  Wi thout  t h e  c a p a b i l i t y  for .  r e m o t e  o p e r a -  
t i o n s ,  hydrogen  r e c h a r g i n g  canno t  be  s t a r t e d  u n t i l  t h e  pad  
area i s  open f o r  a c c e s s  ( i . e .  n o t  u n t i l  a f t e r  l a u n c h  v e h i c l e  
c r y o g e n i c s  have been  d e t a n k e d ) .  It  c a n  b e  s e e n ,  t h e r e f o r e ,  
t h a t  a c o n s t r a i n t  w i l l  e x i s t  i f  t h e  c a p a b i l i t y  i s  r e q u i r e d  t o  
p e r f o r m  more t h a n  t h r e e  comple t e  5-2 c h i l l d o w n  a n d  c h a r g e  
s e q u e n c e s .  

V.  L A U N C H  ABILITY AND SHORT L A U N C H  W I N D O W S  

A s e t  g o a l  o f  any countdown i s  t o  l a u n c h  a t  t h e  
b e g i n n i n g  o f  t h e  l a u n c h  window. The l e n g t h  o f  a l a u n c h  win- 
dow o n l y  s e r v e s  as a hedge  a g a i n s t  p r i o r  c o n t i n g e n c i e s  which  
c a n  c a u s e  d e l a y s .  B u i l t - i n  h o l d s  c a n  a l s o  be  u t i l i z e d  t o  
abso rb  de lays - -up  t o  a p o i n t .  I n  t h e  c a s e  o f  t h e  A p o l l o /  
S a t u r n  V t h a t  p o i n t  i s ,  a t  t h e  l a t e s t ,  T-22 m i n u t e s .  A f t e r  
t h i s ,  any d e l a y s  due  t o  h o l d s  a n d / o r  s h o r t - r e c y c l e s  must  b e  
absorbed  by t i m e  a v a i l a b l e  i n  t h e  l a u n c h  window or t h e  
countdown w i l l  b e  s c r u b b e d .  

I n  t h e  p r e c e d i n g  s e c t i o n s ,  S a t u r n  V h o l d  l i m i t a -  
t i o n s  and s h o r t - r e c y c l e  r e q u i r e m e n t s  have  been  p r e s e n t e d  a n d  
shown i n  F i g u r e s  1 and 3 .  F i g u r e  4 i s  a c o m b i n a t i o n  o f  
F i g u r e s  1 and 3 ,  showing S V  l a u n c h  a b i l i t y  by h o l d  or s h o r t -  
r e c y c l e .  The NOT AVAILABLE area i n d i c a t e d  i n  F i g u r e  4 i s  
t h a t  p o r t i o n  o f  a l a u n c h  window which c a n n o t  b e  r e a c h e d  by  
any  c o m b i n a t i o n s  o f  h o l d s  or r e c y c l e s  once  t h e  countdown 
h a s  p r o g r e s s e d  to a T - t i m e  l a t e r  t h a n  T-18 m i n u t e s .  S t a t e d  
a n o t h e r  way, t h i s  r e p r e s e n t s  t h e  minimum l a u n c h  d e l a y  i n c u r r e d  
for a s i n g l e  s h o r t - r e c y c l e  ( w i t h o u t  f i r s t  h o l d i n g ) .  The 
"Hold L i n e "  r e p r e s e n t s  t h e  l a u n c h  d e l a y  e x p e c t e d  i f  t h e  
countdown i s  r e c y c l e d  f o l l o w i n g  t h e  maximum p o s s i b l e  h o l d  a t  
any  T - t i m e .  The e f f e c t  of a l l  t h i s  s e r v e s  t o  p o i n t  up t h e  
f o l l o w i n g :  
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a .  A s  t h e  t e r m i n a l  countdown p r o g r e s s e s ,  t h e  
c a p a b i l i t y  t o  h o l d  i s  c o n t i n u a l l y  r e d u c e d  
w h i l e  t h e  l a u n c h  d e l a y  i n c u r r e d  i n  t h e  e v e n t  
o f  a s h o r t - r e c y c l e  i s  c o n t i n u a l l y  i n c r e a s i n g .  

b .  I n  c o n j u n c t i o n  w i t h  ( a )  above ,  a countdown 
t o  meet a s h o r t  l a u n c h  window i s  p a r t i c u l a r l y  
v u l n e r a b l e  t o  s h o r t  d e l a y s  a f t e r  T-22 
m i n u t e s ;  t h e  a r e a  of g r e a t e s t  v u l n e r a b i l i t y  
b e g i n s  a f t e r  T-8 m i n u t e s  when S V  h o l d  capa-  
b i l i t y  i s  l e a s t  and l a u n c h  d e l a y  g r e a t e s t  
f o r  s h o r t - r e c y c l e s .  

e .  I f  a s h o r t  l a u n c h  window i s  p l a n n e d  f o r  a 
S a t u r n  V l a u n c h ,  i t  would be most d e s i r a b l e  
t o  k e e p  t h e  window l o n g  enough ( n o t  less 
t h a n  30 m i n u t e s )  f o r  a t  l e a s t  one c o n t i n -  
gency  s h o r t - r e c y c l e  u n l e s s  o t h e r w i s e  
n e c e s s i t a t e d  by m i s s i o n  r e q u i r e m e n t s .  T h i s  
c o u l d  be accompl i shed  e i t h e r  by t h e  a l l o w a b l e  
l e n g t h  o f  a s i n g l e  window o r  t h e  s e l e c t i o n  
o f  two o r  more " p a n e s . "  

I n  p l a n n i n g  for t h e  f i r s t  l u n a r  m i s s i o n ,  t h e r e  a r e  
s e v e r a l  a d v a n t a g e s  t o  b e  g a i n e d  by  u s i n g  s h o r t e r  l a u n c h  windows-- 
n o t a b l y ,  r e d u c e d  s u p p o r t  r e q u i r e m e n t s  and  a r e l a t i v e  g a i n  i n  
f i n a l  p a y l o a d  c a p a b i l i t y .  I n  t h i s  r e g a r d ,  a c u r r e n t  A p o l l o  
program o b j e c t i v e  i s  t o  i n c r e a s e  t h e  c a p a b i l i t y  o f  t h e  Apo l lo /  
S a t u r n  V t o  l a u n c h  "on- t ime .  AS-501 r e c e n t l y  d e m o n s t r a t e d  
a n  "on t i m e "  l a u n c h .  N e v e r t h e l e s s ,  i f  a s h o r t e r  l a u n c h  win- 
dow i s  d e s i r e d  f o r  t h e  l u n a r  m i s s i o n ,  i t  would appear  w i s e s t  
n o t  t o  r e s t r i c t  t h e  l a u n c h  window l e n g t h  any more t h a n  i s  
a b s o l u t e l y  n e c e s s a r y  t o  s a t i s f y  

2 0 32 -CHE-gmp E l  

A t t achmen t s  
F i g u r e s  1 - 4  
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